Dynamic Weather Routes:
Concept, Tool, and Trial at
American Airlines

Dave McNally
Aviation Systems Division
NASA Ames Research Center

dave.mcnally@nasa.gov

Lincoln Laboratory Air Traffic Control Workshop 2013
FAA Washington, DC
19 November 2013

DM 11/19/13



Take Away Message

DWR a ground-based continuous search
engine, finds corrections to weather avoidance
routes, in-flight aircraft, en route airspace

* Trial at American Airlines Operations Center,

Fort Worth, Texas - DWR operates 24 hrs/day,
7 days/week since July 2012, ZFW flights only

* AA revenue flights get 10% more savings on
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big convective weather days when tool being
used vs. big weather days when tool not used



What's the Problem

« Convective weather leading cause of delay in US
National Airspace System

 Weather avoidance routes planned 1-2 hours in
advance, include large buffers to forecasted weather

« Weather changes, dispatchers & traffic managers busy,
opportunities for more efficient routes are missed

 No automation to help determine when standardized
weather avoidance routes have become stale
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Outline

Concept and Tool

Trial at American Airlines

Analysis Results

Next Steps
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Current active Center
flight plan route

Reference route, savings
> 5 min wind corrected
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DWR Flight List

Y

X Dynamic Weather Routes Alert Criteria: 5 minutes 0O X
ACID/TYPE DEP/DST SAY FIX/AUX TR SC TMI STATUS

DAL2188/B752 KATL/KSEA 29.
AAL2295/MD8B2 KDFW/KSLC 15.
UAL745/B752 KLGA/KDEN 10.
UAL652/B752 KDEN/KIAD 9.
AAL473/MD82 KDFW/MMGL
NKS719/A319 KDFW/KDEN
EGF3601/CRJ7 KELP/KORD
SWA2714/B737 KLAX/KSTL
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Minutes to traffic conflict

Sector congestion on DWR route —

Route Traffic Management Initiatives —
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Convective Weather Avoidance Model
and 4D Trajectories Integrated
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Corridor Integrated Weather System (CIWS)
Convective Weather Avoidance Model (CWAM)
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Trial at American Airlines
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Trial at American Airlines

Amencan A|rI|nes System Operatlons Center, Fort Worth, Texas
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DWR User Interface

(download)
AAL Dispatch Display —'0'X'| |2 Active Flight Plan
DWR Alert Criteria: 5 min 0] 4027 CIWS Precid® Inter ops  x1000 Feet
X Dynamic Weather Routes Alert Criteria: 5 min

ACID/TYPE FIX/AUX TR SC TMI

File Options Display
AAL1651
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Dynamic Weather Routes
DWR

Sample Fort Worth Center reroutes from
2012 Operational Trial with American Airlines

Movie version 5b, 5/16/13
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Analysis Results
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Potential DWR Savings and
Today’s Savings without DWR

Center flight plan
route l

;' Potential DWR Savings:
,~/ <— First time flight appears
! on DWR List (time = t1)

Today’s Savings without DWR:
Observed Center route
amendments (time > t1):
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Potential DWR Savings and
Today’s Savings without DWR

All ZFW flights with DWR Advisories — 11/18/12 to 6/30/13

Potential DWR: 115,018 min, 11,746 flights, 9.8 min/flt avg
Today’s Savings: 36,285 min, same flights, 3.1 min/flt avg

Today’s operations result in

30% of potential DWR
savings overall
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Savings Attributed to DWR

Center flight plan /

route l /"<— AA Dispatcher Accepted
DWR (time = t1)

Assume observed amendments
for AA flights following dispatcher
accepted DWRs attributed to DWR

Savings Attributed to DWR:
Observed Center route
amendments (time > t1):
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DWR Activity at American Airlines
July 31, 2012 to November 5, 2013

‘c 40000 [ _ ]
E 35000 | g????‘lmrlmr’: 59% of routes evaluated rated i
% 30000 L '1gnts Accept by AA users 1
(czs 25000 - 1241 min estimated savings, 28% of i
o 20000 - Accepted savings, attributed to DWR 7
E 15000 |- 8145 min i
i 1361 flights 4403 min .
2 1% O° 808 fights 751 min 1241 min
%000 | | I 104 fiights 449 fiights 260 flights 7

Advised Evaluated Accepted Rejected Cancelled Estimated
DWR \ ] Savings

| )
Routes AA user’s rating of advised DWR routes Attr::t;\l;l\’;eRd to

Primary reasons for

« DWRs not evaluated by AA: staffing

 AA Rejected DWRs: arrival streams, close weather, playbook/CDRs,
congestion

 No clearance issued: arrival streams, inter-Center coordination
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T

DEP/DST DRCT DWR FIX/VIA

AAL /MD82 KDFW/KORD 25.0 IRK/1
AAL /B738 KTPA/KORD 23.6 IRK/1

FLYING TIME SAVINGS
AA ACCEPTED DWR: 23.6 min
ROUTE AMENDMENT: 23.8 min
TOTAL AMENDMENTS:  23.8 min

TRACK MILES SAVINGS
DWR (FP - DWR): 188 nmi
ACTUAL (FP - TRACK): 196 nmi

Flight plan

/\(J{\\.f\\
,¢<— Center route
£ amendment (blue)
e
4
J<—Accepted DWR

K
3

FP: KTPAI/.DECOD293009..MMB..SLN..IRK.BENKY1.KORD

DWR (01:54:39): KTPA...CRUSR103085..LCY..IRK.BENKY1.KORD

RA (01:55:15): KTPA./.ADM344044..3536N/09723W..IRK.BENKY1.KORD
1

400 600 800 1000
X (nmi)

Estimated Actual
Savings: 24 minutes
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Do AA flights get more savings
when using DWR vs. when not
using DWR?



Tool Used and Tool Not Used Days

1400 ——4———————————— -
Potential 1200
Savings goo -
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Day in 2012 and 2013

* Pick heavy convective weather days: 34 days
Potential savings AA flights > 300 minutes
* Tool Used Days: 16 of 34 days
AA evaluates > 20% potential savings
« Tool Not Used Days: 18 of 34 days
AA evaluates < 20% potential savings
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Tool Used vs. Tool Not Used

AA Flights with Advised DWRs
16 Tool Used Days vs. 18 Tool Not Used Days

40001

Observed
1485 min((25%)
278 flights

10% more savings when

DWR used = 586 min
($88K) over 16 days

Advised
5863 min
540 flights

<

Used

<— Advised

7912 min
704 flights

Observed =
1185 min ((15%)
289 flights

“ _

Not Used
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Tool Used vs. Tool Not Used

AA Flights with Advised DWRs & Observed Amendments

16 Tool Used Days vs. 18 Tool Not Used Days
Advised

1000 9% more savings whn 5248 .min |
tool used = 292 min <j78 flights - ?g%s?r?in
= 3000+ ($44K) over 16 days 289 flights
‘g’ Observed Observed
292000_1485 min (46%) 2;351‘ l!mihnt@
;%‘ 278 flights p Ignts
1000 T

Used Not Used
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Next Steps
* Smart filtering for more DWRs
acceptable as proposed

« Common route corrections for
multiple flights

* Weather avoidance for merging
arrivals and metering
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Take Away Message

DWR a ground-based continuous search
engine, finds corrections to weather avoidance
routes, in-flight aircraft, en route airspace

* Trial at American Airlines Operations Center,

Fort Worth, Texas - DWR operates 24 hrs/day,
7 days/week since July 2012, ZFW flights only

* AA revenue flights get 10% more savings on
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big convective weather days when tool being
used vs. big weather days when tool not used
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